
Identify the problem, then focus your power  

and energy on the solution. 

~Tony Robbins 



 
Aʻohe hana nui ke alu ʻia 

No task is too big when done together by all 
  



Urbanization Impacts  
Local Hydrology and Water Quality 

Photo: 1927 

Photo Credit: Bernice Pauahi Bishop Museum  



 

Stormwater Outlet Pipe:   
Cromwell’s Beach 

 

Hydrologic Impacts of Development 

Photo Credit: Amanda Cording 



 
Pollutants Found in 

Stormwater: 
 

bacteria 
pathogens 
cadmium 
chromium 

copper 
lead 

mercury 
zinc 

phosphorus 
nitrogen 

oil and grease 
total suspended solids  

 



Water Quality Impacts of Development 

2,324 Miles of  
Rivers and Streams  

are Impaired In Hawaiʻi 

Definition 303(d): waters that 
are too polluted or otherwise 
degraded to meet water 
quality standards. 



Nanakuli Canal  
Waianae, Oahu 

2,324 Miles of Rivers and Streams  
are Impaired In Hawaiʻi 

Source: EPA (2010) Hawaii Water Quality Assessment Report  



Makiki Stream at King St. Bridge: Oahu, HI 

USGS National Water Information System Mapper (2011 – 2013) 

Can discharge between   
0.01 and 6 tons of TSS  

in one day 





Sedimentation Impacts Reef Health 

 

 

 

 

 

Puʻukoholā Heiau National Historic Site and  

Kawaihae Harbor, Hawaiʻi 

Image Source: USGS  Pacific  Coastal and Marine Science Center 
Reference:  Anthony, K. R. N., & Connolly, S. R. (2004).  







Water Quality Notices 

“The public is advised 
to stay out of flood 
waters and storm 
water runoff due to 
possible overflowing 
cesspools, sewer 
manholes, pesticides, 
animal fecal matter, 
dead animals, 
pathogens, chemicals, 
and associated flood 
debris” 
- State Dept. of Health • Kailua Bay, Hawaii June 12th 2017 = 1,000 gallons sewage 

• Puhi Bay, Hawaii June 5th = Hilo WWTP Leakage 
• Honolua Bay, Maui January 29th 2017 
• Hanaka’o, Maui December 1, 2016 
 



Low Impact Design & Development 
LID is an approach to development that aims to  

mimic pre-development hydrology and uses ecological engineering 
to remove pollutants in stormwater and wastewater 

for re-use and/or replenishment of groundwater supplies. 

Porous Materials Bioretention “Green Streets” Vegetated Swales 



Presented by Randal Wakumoto, City and County of Honolulu, Stormwater Branch 
UH Sea Grant’s Green Infrastructure Workshop , October 29, 2015 

City and County of Honolulu 
Requiring Low Impact Development  



National and Local Proponents of  
Low Impact Development 



Sustainable Sites 





Cost of LID vs Traditional Development 

Brown, S., Sanneman, C., 2017. Working with the Market: Economic Instruments to 
Support Investment in Green Stormwater Infrastructure. 



Cost of LID vs Traditional Development 

Brown, S., Sanneman, C., 2017. Working with the Market: Economic Instruments to 
Support Investment in Green Stormwater Infrastructure. 



Cost of LID vs Traditional Development 

Brown, S., Sanneman, C., 2017. Working with the Market: Economic Instruments to 
Support Investment in Green Stormwater Infrastructure. 



LID Hydrologic Performance 

References: Liu et al. (2014), Hunt et al. (2008); Debusk et al. (2011) 
 

Attenuate Peak Flow:  
75 - 99% 

Reduce Volume:  
60 - 90% 



LID Sediment Removal Performance 

Removal of  
Total Suspended Solids: 

80% - 99% 

References: Cording et al. (2017); Brown and Hunt (2011); Bratieres et al. (2008); Hatt et al. (2008) 



LID Nutrient Removal Performance 

Removal of Total Nitrogen and Phosphorus:  
70% - 90% 

References: Cording et al. (2017); Davis et al. (2001); Hunt et al. (2006); Debusk et al. (2011) 
  

Plant  
Root  

Uptake 

Physical Filtration 
Soil  

Microbial  
Degradation 



Components 
of Low Impact 
Development 

(LID) 

Chemistry 

Ecology 

Policy & 
Planning 

Design & 
Engineering 

Landscape 
Architecture 

Community 



 
Green Stormwater Infrastructure (GSI)  

 

Davis 2008; Dietz and Clausen 2006; Zinger et al. 2013; Collins et al. 2010.  



Green  
Roofs  
 
 
 
 
 
 
 
 
 
 
 
 
 

Design Strengths:  
Reduce Volume  
Reduce Peak Flows 
Reduce Heat Island  
Provide Insulation 
Reduce Energy Cost 
Provide Urban Habitat 
Increase Biodiversity 
 
Design Weaknesses: 
Less Pollutant Removal 
Maintenance 
Cost 
 
 







University of Hawaii Center for Microbial Oceanography Research & Education 
Location: Honolulu, Hawaii 
Project Size: 2,768 sq ft 
Installation Date: September 23, 2010 
Grower: Hawaiian Sunshine Nursery 



Turtle Bay Resort 
Location: Oahu’s North Shore, Hawaii 
Project Size: 60,000 sq ft 
Partners: Honolulu Roofing Company, Division Seven, Walters, Kimura, Motoda, Lazo, Hui Ku Maoli Ola 



Nehe, akulikuli, carex, sedum, herb garden 











Tropical Systems Will Insulate All Year Round 



Vertical  
Living Walls 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Design Strengths:  
Reduces Volume & Peak Flows 
Provides Habitat 
Insulation 
Green Screen 
Improves Air Quality 
 
Design Challenges:  
Maintenance 
Pumping 















Porous  
Materials  
 
 
 
 
 
 
 
Design Challenges:  
Getting both strength and permeability (target infiltration > 3in/hr)  
Control siltation from offsite flows 
Maintenance  
Soluble nutrient removal 

 
 
 
 

Design Strengths:  
Reduces Storm Volume  
Reduces Peak Flows 
Particulate Pollutant Removal 
Removes Hydrocarbons 



Porous Materials for Water Infiltration 

Permeable Asphalt Permeable Concrete 

Permeable Pavers 









Bioretention &  
Green Streets 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Design Strengths:  
Reduces Volume & Peak Flows 
Removes Total Suspended Solids 
Removes Nutrients 
Improved Aesthetics 
Urban Habitat 
 
Design Challenges:  
Obtaining/keeping proper infiltration 
Directing flow into feature (conveyance) 
Maintenance 



Second Prize: Best  
Ultra-Urban BMP Competition 





 
 









Commercial Scale Bioretention 
NOMA District Washington, DC 



What Design Factors Influence 
 Bioretention Performance? 

Residence 
Time 

Media Depth 

Vegetation 
Type 

Soil Texture 

Chemical 
Characteristics 
of Soil Media 

Hydraulic 
Conductivity 

Inclusion of an 
Internal Water 
Storage Zone 

(IWZ) 



Bioretention 
Design 
Considerations 

1. Location 

2. Conveyance 

3. Ponding/Settling 
Velocity 

4. Shape/Size 

5. Bioretention Soil 
Media 

6. Plants 

7. Overflow 

8. Underdrain 





Bioretention Green Streets 



Fassman, E., Simcock, R., Wang, S., 2013. Media specification for stormwater bioretention devices. 



Fassman, E., Simcock, R., Wang, S., 2013. Media specification for stormwater bioretention devices. 



Conveyance 



Conveyance 



Conveyance 



Conveyance 



Conveyance 

getyourbotanyon.blogspot.com 

http://getyourbotanyon.blogspot.com/2010/05/rain-garden-rain-barrel-and-softening.html






Ponding 



Ponding 



Commercial Scale Bioretention 



Achieving Settling Velocity  



Green 
Streets 



Green 
Streets 



Bioretention Soil Media  



Capturing the Outflow Hydrograph: 
Estimating Hydraulic Conductivity 

Where,  

Kz is the vertical hydraulic conductivity for the layered system (m s-1) 

D is the total cumulative depth of the layers (m) 

di is the depth of a given layer (m) 

ki is the hydraulic conductivity of a given layer (m s-1) 

Where,  

Kx is the horizontal hydraulic conductivity (m s-1) 

di is the depth of a given layer (m) 

Ki is the hydraulic conductivity of a given layer (m s-1) 

d is the horizontal distance of the given layer (m) 



Capturing the Outflow Hydrograph: 
Estimating Hydraulic Conductivity 
Bioretention Media Depth 

(m) 
Hydraulic 

Conductivity 
(m s-1) 

di/ki  

Sand/Compost Mixture 0.3048 1.50E-04  2.03E+03 

Medium Sand 0.3048 6.90E-04 4.42E+02 

Pea Gravel 0.0762 6.40E-03 1.19E+01 

Gravel 0.2286 9.14E-03 2.50E+01 

Total di/ki  = 2.51E+03 

Total Depth = 0.9144 m 

Kz (m s-1) = 3.64E-04 

Kz =  131.04 cm hr-1 or 51.59 in hr-1 



Media Infiltration Rates 
Reference Infiltration Rate 
This study Modelled Rate at Installation: 131 cm hr-1 
Arias et al (2001) Actual Rate: 463 cm hr-1 
Brix et al. (2001) Actual Rate: 92 cm hr-1 
Chen et al (2013) Actual Rate: 1.3 cm hr-1 
Davis et al. (2009) Recommends > 2.5 cm hr-1 
Debusk et al. (2011) Actual Rate: 11.8 cm hr-1 
Dietz and Clausen (2005) Design Rate: 10 – 13 cm hr-1. Actual Rate: 3.5 cm hr-1 

Hatt et al. (2008) 
Actual Rate: 26.028 cm hr-1 to 232.92 cm hr-1 in 
different treatments 

Hunt et al. (2006) Actual Rate: 7.62 cm hr-1 to 38.1 cm hr-1 

Li and Davis (2008) 
Actual Rate: Reduction from 43 – 164 cm hr-1 to 3-11 
cm hr-1 

Lucas and Greenway (2011) Vegetated: 27.7 cm hr-1 to 59.6 cm hr-1 
Thompson et al. (2008) Actual Rate: 150 to 178 cm hr-1 (sand/compost mix) 
Washington State University 
Pierce County Extension 
(2012) 

Recommends > 2.54 cm hr-1 

Target > 3 in/hr (7.62 cm) 



Filtration  



Davis et al. (2006); Bratieres et al. (2008); Kim et al. (2003); Charpuis-Lardy et al. (2007) 

Nitrogen Removal Mechanisms 





Green 
Streets 

Raise underdrain for 
NO3

- removal 



 
1. Physical Filtration: Non-labile P   
2. Sorption of SRP: Fe, Ca, and Al in Soil 

 
 
 
 

 
 
3. Plant Uptake: SRP 

Phosphorus Removal Mechanisms  

Tanner (1996); Arias et al. (2001); Lucas and Greenway (2011); Liping et al. (2012) 



Soil Media Chemical Characteristics 



Conventional Bioretention Design 

Image Credit: Hurley, S., Zeitz, G.,(unpublished)  

  

Recommended By: 
1. Vermont Agency 

of Natural 
Resources (2002) 

 
2. Washington 
State University 
Pierce County 

Extension (2012) 
 

3. Center for 
Watershed 
Protection 



Bioretention Layout View 

Image Reference: Cording, A., Hurley, S., Whitney, D. (In Press) Monitoring methods and designs for evaluating 
bioretention performance. Journal of Environmental Engineering. 
 



How do you measure the runoff  
from the road surface?  

Maximum Capacity = 10.05 L  Weir thickness = 1.59 mm stainless steel 
Teledyne™ ISCO Model 720 Pressure Transducer 

 

ASTM –D5242; U.S. Bureau of Reclamation (2001) 



Monitoring Bioretention Systems 

Inflow 90o Weir Box  Outflow Thel-Mar™ Weir 

 Where: 

 Q = flow rate over the weir (cfs, L s-1) 

 C= coefficient of discharge, or weir coefficient 

 H= height of water behind the weir (pressure transducer) 

 n = an empirical exponent (dimensionless) 

 

Q=CHn  



How to Capture the Outflow Hydrograph? 

1.5 L 

Cording, A., Hurley, S., Whitney, D. (In Press - 2017) Monitoring methods and designs for evaluating bioretention performance. Journal of Environmental Engineering. 
 



Comparing Soil Media Treatments 

Conventional Media (CM)  Sorbtive Media ™ (SM) 

Image Credit: J. Schultz, C. Brackett, J. Nummy, O. Lapierre (unpublished). 



Results:  
Outflow Mass Between Soil Media Treatments 

Outflow mass from SM was lower than the CM for  
SRP, NO3

-, and TSS 

ns = p > 0.05, * = p ≤ 0.05, ** = p ≤ 0.01, *** = p ≤ 0.001, **** = p ≤ 0.0001.  

Cording, A., Hurley, S., Adair, E. (In Preparation). Evaluating critical bioretention designs features in the context of climate change.  
 
 



Windward Mall Commercial 
Bioretention 

Kane’ohe, Hawai’i 







The Role of Plants 



Comparing Vegetation Treatments  

Planting Configuration: Vegetation Palette 1 (left) and Vegetation Palette 2 (right)  

(Diagram created by S. Hurley and A. Zeitz, unpublished). 

V1 V2 



Vegetation Planted: May 2013 

Low Diversity (2 species)  vs. High Diversity (7 species) 



Established Vegetation: August 2013 

Low Diversity (2 species)  vs. High Diversity (7 species) 



Vegetation 1 (V1) 



Vegetation 2 (V2) 
 



Results: 
Outflow Mass between Vegetation Treatments 

Paired t-test (n = 6) results indicate that outflow mass from V2 was 
significantly lower than V1 for all constituents 

ns = p > 0.05, * = p ≤ 0.05, ** = p ≤ 0.01, *** = p ≤ 0.001, **** = p ≤ 0.0001.  

Cording, A., Hurley, S., Adair, E. (In Preparation). Evaluating critical bioretention designs features in the context of climate change.  
 
 



Discussion: Vegetation Treatments 

Switch Grass (Panicum virgatum) 

3 ft  

Image Source: Conservation Research Institute; Mann et al. (2013) 



Native Soil Blend: 
Target Infiltration Rate 7.62 - 100 cm/hr 
High Mineral Contents (Ca, Fe) 
 
Extended Retention, NO3

- Removal: 
Target Retention Time > 6hrs 
 
Native Plants: 
Target >75% Cover 
Target Root Depths 1 to 4 ft 
 
• Low Nutrient Compost (<30%) 
• Mulch or Stone Top Dressing 

Effective Bioretention (LID) 
Design Criteria 

Raised 
Underdrain 
Allows for 
Extended  
Detention 



Future Research Needs 

Images: Drawing: A. Cording (2016) Unpublished, (Middle) Cording, A., Hurley, S., Adair, E., Ross, D. (In Preparation). Evaluating critical 

bioretention designs features in the context of climate change. (Bottom) 2012 Nature Education, Conservation Research Institute, Heidi Natura.  

1. Chemical characteristics of soil media to 
minimize soluble N and P contributions 
(compost, mulch, soil), but achieve target 
infiltration rate? 
 

2. Retention time, carbon requirements for 
thorough denitrification in different medias? 
 

3. Planting options to achieve maximium soil 
stability and pollutant uptake, given soil 
conditions (#1) above? 



What percentage of compost? 
• Provide nutrients for plants 
• Increase water holding capacity 
 
What chemical characteristics of soil? 
• Provide P sorption 
• Enhance denitrification 
 
What soil texture (% sand, silt, clay)? 
• Provide adequate 

drainage/infiltration 
 
What amendments can be added? 
 

Collaboration 





Lorra  
Naholowaʻa 



Growth  
Trials: 

 
Bioretention 
Green Roofs 



Preliminary Results  
Coming Soon! 



Large Scale LID: 
Pre-Development Conditions 





Proposed M5/M6/S7/B2 Low Impact Development (LID) Site Plan 



Traditional Development Basemap  

Required to retain: 
  

100% of the 2.5” (50-yr, 1-hr) storm event 



LID Opportunities 



Forest Restoration and  
Natural Slope Stabilization 

• Restoration of native forest 
• Bank stabilization 
• Naturalized rock check dams 
• Reduction of peak flow rate 
• Removal of sediment 

 
 



Residential Bioretention 



Bioretention Green Streets 



Bioretention Green Streets 



Neighborhood Scale Bioretention 



Progression of the Drainage Plan 

Early Plan: 
Retain  
50-Yr  
Storm 

Final Plan: 
Retain + Treat 

100-Year  
Storm  

& 
Improve  
Current  

Conditions 















Low Impact Development Basemap  

Bioretention & porous materials can retain + treat: 
  

100% of the 2.5” (50-yr, 1-hr) storm event (REQUIRED) 
100% of the 3.0” (100-year, 1-hr) storm event 



Proposed M5/M6/S7/B2 Low Impact Development (LID) Features  



Proposed M5/M6/S7/B2 Low Impact Development (LID) Features  



Bioretention & Porous Materials 

• 4 ft Deep 
• Stores WQv 

Requires 
minimum 

infiltration rate 
(ex: 3 in/hr) 



Required Drainage Plan:  
Retain ⨹ from 50-Year, 1-Hour Storm (2.5 in/hour) 
 
 Required Retention = 40.9 cfs 

Proposed Drainage Plan:  
Retain + treat ⨹ 100-Year, 1-Hour Storm (3.0 in/hour) 
 
 Proposed Retention = 72.0 cfs 

*Retention + treatment is nearly double the requirement 
 



Makena - Lower slope, grasslands and 
shrub lands, dry and mesic forest 
  
• Pili  
• Kawelu  
• ‘A’ali’i  
• Hopseed bush 
• Ko’oko’olau 
• ‘Ulei  
• ‘Ohi’a  
• Koa 
• Lama 
• Wiliwili 
• Olopua 
• Halapepe  
• Uhaloa  
• T Leaf 
• ‘Uala  
• Hala  



Native Plants: Xeriscaping 



Native Plants: Canoe & Craft 



 
• Real-Time Data Col lect ion  

 
• Notif icat ion if Levels Exceed Target 

(e.g., 20 NTUs) 
 

• Post-Construction Basel ine,  BMP 
Monitoring During Construct ion,  
LID Monitoring after  Construct ion  
 

• 3-5 Years Est imated Construct ion  
 

 

Monitoring Water Quality  
Before, During, and After Construction 



Verifying LID Performance  

Post-Construction through Monitoring 



The Carrot 
• Lower Materials Cost 
• Increased Available Land 
• LEED Credits 
• Improved Aesthetics 
•Water Quality Improvement 
•Urban Ecological Benefits 
•The Good Guy/Gal 

 

The Stick 
• Water Quality Rules 





Publications: 

 

Cording, A., Hurley, S., Whitney, D. (In Press) Monitoring methods and designs for evaluating 
bioretention performance. Journal of Environmental Engineering. 

 
Cording, A., Hurley, S., Adair, E. (In Preparation). Evaluating critical bioretention designs features 

in the context of climate change.  
 

Cording, A. (In Preparation). Investigating pollutant mass mobilization and speciation during the 
stormwater first flush.  

 
 

 



Mahalo Nui! 

 

Amanda Cording, Ph.D.  

amanda@ecosoldesigns.com 

(808) 367-1026 

 

 

 



 
Aʻohe hana nui ke alu ʻia 

No task is too big when done together by all 
  





Inspecting BMPs During 

Construction 





Brown, S., Sanneman, C., 2017. Working with the Market: Economic Instruments to 
Support Investment in Green Stormwater Infrastructure. 



Brown, S., Sanneman, C., 2017. Working with the Market: Economic Instruments to 
Support Investment in Green Stormwater Infrastructure. 









U.S. Environmental Protection Agency, 2017. Green Infrastructure in Parks: A 
Guide to Collaboration, Funding, and Community Engagement. 









Multi-Use Amphitheater for  
Water Retention 











Inconsistent N & P Removal 

• Some of the variability is thought to be attributed to the soil media selected 

• Organic amendments (compost, mulch) are widely recommended to provide: 
 

metals removal 
soil moisture retention  

cation exchange capacity 
nutrients for plants 

 

Bratieres et al. 2008; DeBusk and Wynn 2011; Michigan Department of 
Environmental Quality 2008; Thompson et al. 2008; Vermont Agency of Natural 
Resources 2002; Washington State University Pierce County Extension 2012.  

• Sand based bioretention soil designs are common  
 



Bioretention: Nutrient Removal  

Nutrient removal is extremely variable 
• Labile N (-630% to 98% removal) 
• NO3

- Effluent [ ] =  10 μg L-1  to 2,100 μg L-1 

• Labile P (-78% to 98% removal)  
• SRP Effluent [ ] = < 10 μg L-1  to 2,200 μg L-1 

Davis et al. (2007); Bratieres et al. (2008); Debusk et al. (2011); Dietz and Claussen (2006); 
Hunt et al. (2006); O’Neill and Davis (2011); Image Credit: Amanda Cording 



Traditional Street Profile 



Traditional Street Profile 



LID Green Street Profile 



LID Green Street Profile 



LID Green Street Profile 



Limited Groundwater Supply in Hawaiʻi 



Sustainable Sites 



Research Site: University of Vermont 
Outdoor Bioretention Laboratory 

• Constructed in  
November of 2012 
 

• Total area: approx. 
5,000 ft2 or 0.1 acres 
 

• Eight small paved road 
sub-watersheds  
 

• Bioretention Surface 
Areas: 29.73 m2 to 
120.12 m2 



Research Site 



Monitoring Objectives: 
Characterize stormwater mass loads from 

small paved road watersheds throughout the 
inflow and outflow hydrograph 



Methods: Measuring Stormwater Quality  

Equipment Parameter Sampling and Analysis Methods 

• 6700 Series 
Automatic  
Samplers 
(Teledyne™) 

• Model 720 
Differential 
Pressure 
Transducer 
 

1. TP 
2. NLP 
3. SRP 
4. TN 
5. TKN 
6. NO3

- 
7. TSS 
8. Flow Rate 
 

• Time Based  
• Discrete Samples  
• Based on the Hydrograph 
• Inflow = Every 2 min for 48 min (950 mL) 
• Outflow = Every 4 min for 96 min (500 mL) 
• Inflow to Outflow, 20-L increments (n = 6) 
• Outflow to Outflow, 20-L increments (n = 6) 
• Partial Event Mean Concentration (PEMC) 

 



Methods: Measuring Bioretention Soil 
Media Characteristics  

Equipment Parameter Sampling Method 

• Soil auger 
• Soil core 

cylinder 
• Trowel 
• Decagon 

soil 
probes 
 
 
 

 

1. NH4
+ (n = 13) and NO3

- (n = 13) 

2. SRP (n = 7) 
3. Bulk Density (n = 11) 
4. Ca, K, Mg, Na, S, Mn, Al, Fe, Zn, Cu (n = 7) 
5. Cation exchange capacity (CEC) 
6. Organic matter content (n = 7) 
7. Volumetric water content 
8. Electrical conductivity 
9. Soil temperature 

1. 2 M KCl extraction 
2. Modified Morgan  
3. Change in mass /volume 
4. Inductively coupled 

plasma spectroscopy 
5. Ammonium acetate 
6. Loss on ignition (375oC) 
7. Every five minutes  
 
3 composited sub-samples 

per cell  



Results: 
Flow Rate Reduction Performance  

0 

0.005 

0.01 

0.015 

0.02 

0.025 

0.03 

0.035 

2:24 PM 3:36 PM 4:48 PM 6:00 PM 7:12 PM 8:24 PM 9:36 PM 10:48 PM 

Flow Rate Cell 7 Inflow 6/23/13 

Flow Rate Cell 7 Outflow 6/23/13 

Inflow                                             

Outflow                                             

(cfs) 

Across all treatments, reductions in Q were 
between 48% and 100%. Volume reductions were 
between 16% and 100%. 

Spearman’s rho: precipitation volume negatively 
correlated with % volume reduction (rs = -
0.3206, p = 0.0232) and peak flow rate reduction 
(rs = -0.3870, p = 0055) 

Cording, A., Hurley, S., Adair, E. (In Preparation). Evaluating critical bioretention designs features in the context of climate change.  
 
 



Cost of LID vs Traditional Development 

American Rivers, 2012. Banking on Green: A look at how green infrastructure can save 
municipalities money and provide economic benefits community-wide. 



Cost of LID vs Traditional Development 

U.S. Environmental Protection Agency, 2007. Reducing Stormwater Costs through 
Low Impact Development (LID) Strategies and Practices.  



The Relative Size of Things 

Sand = 50 µm to 2,000 µm 
Silt = 2 µm to 50 µm 
Clay = smaller than 2 µm 



100 mm = 3.9 inches 

Ponding Depth 



25.4 mm/hr = 1 in/hr 

Soil Media Hydraulic Conductivity 



1,000 mm = 3.28 feet 

Soil Media Depth 



Plant Pallet 1: High Species Diversity (7) 

Latin Name Common Name 

Aesclepius incarnata  Butterflyweed, Milkweed 'Tuberosa' 

Anemone canadensis Windflower 

Aquilegia canadensis Columbine 

Aster novae-angliae  New England Aster 'Purple Dome' 

Baptisia australis  Blue False Indigo 'Caspian' and 'Midnight Prairiebliss' 

Helenium autumnale  Sneezeweed 'Red + Gold' 

Lobeliea cardinalis Cardinal Flower  

Hemerocallis spp. Daylilies 'Stella d'Oro' 

Panicum virgatum  Switch Grass 'Shenandoah' 

Plant Pallet 2: Low Species Diversity (2) 


